for the ALSPAC Study Team Background-Breast-feeding in infancy has been associated with decreased coronary heart disease mortality, but the underlying mechanisms are unclear. We investigated the association of breast-feeding with blood pressure in a contemporary cohort. Methods and Results-In a prospective cohort study (ALSPAC, United Kingdom), a total of 7276 singleton, term infants born in 1991 and 1992 were examined at 7.5 years. Complete data were available for 4763 children. The systolic and diastolic blood pressures of breast-fed children were 1.2 mm Hg lower (95% CI, 0.5 to 1.9) and 0.9 mm Hg lower (0.3 to 1.4), respectively, compared with children who were never breast-fed (models controlled for age, sex, room temperature, and field observer). Blood pressure differences were attenuated but remained statistically significant in fully adjusted models controlling for social, economic, maternal, and anthropometric variables (reduction in systolic blood pressure: 0.8 mm Hg [0.1 to 1.5]; reduction in diastolic blood pressure: 0.6 mm Hg [0.1 to 1.0]). Blood pressure differences were similar whether breast-feeding was partial or exclusive. We examined the effect of breast-feeding duration. In fully adjusted models, there was a 0.2-mm Hg reduction (0.0 to 0.3) in systolic pressure for each 3 months of breast-feeding. Conclusions-Breast-feeding is associated with a lowering of later blood pressure in children born at term. If the association is causal, the wider promotion of breast-feeding is a potential component of the public health strategy to reduce population levels of blood pressure.
B reast-feeding is linked with a number of health benefits in childhood, but it may have longer-term effects, including protection against coronary heart disease mortality. 1 There is inconsistent evidence, however, on the association between breast-feeding and coronary heart disease risk factors. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Conflicting evidence may have arisen for several reasons. First, studies have included infants born at different times throughout the 20th century, 4, 9, 10 during which the composition of artificial feeds changed markedly. Associations with particular components of these feeds may explain differences in results. Second, different definitions of breast-feeding may lead to inconsistent results. 5, 10 Third, breast-feeding duration may be misclassified in studies based on retrospective recall. 14 Fourth, the strength of the relation may depend on the age at outcome measurement. 2, 15 Finally, control for confounding in some studies may have been inadequate. 8, 16 Two experimental studies support an influence of infant nutrition on blood pressure. In one, preterm infants assigned donor human milk had lower adolescent blood pressures than infants fed preterm formula. 2 In another, sodium restriction was associated with a 2-mm Hg reduction in systolic blood pressure in infancy, 17 an effect that persisted into adolescence. 18 We investigated the association of breast-feeding with childhood blood pressure in a large, contemporary cohort, with prospective recording of infant feeding method and measures of a wide range of potential confounding factors. 19 
Methods
ALSPAC is a prospective cohort study investigating the health and development of children. Details of methods have been published in full. 19 Briefly, 14 541 pregnant women resident in 3 Bristol-based health districts with an expected date of delivery between April 1991 and December 1992 were enrolled on entry to the antenatal care system. In total, 7276 term (gestation: 36 to 44 weeks) singleton children were examined at age 7 years (Figure) . Informed consent was obtained from the mothers, ethical approval was granted by local research ethics committees, and the procedures conformed to institutional guidelines.
Infant Feeding
Data on method of infant feeding were obtained from questionnaires sent to mothers when the child was 6 and 15 months of age. We derived variables for (1) whether any breast-feeding occurred, coded as "ever" or "never" breast-fed; (2) the exclusivity of breast-feeding, coded as "exclusive breast-feeding beyond 2 months of age," "partial breast-feeding" (ie, breast-feeding had been stopped or was nonexclusive by 2 months), and "never breast-fed"; and (3) the duration of any breast-feeding, coded as "never," "Ͻ3 months," "3 to 6 months," and "Ͼ6 months." Exclusive breast-feeding was defined as no solids, milk formulas, or other drinks (except vitamins, minerals, medicines, and/or water). At 32 weeks of gestation, mothers were asked whether they intended to breast-feed or bottle-feed their child for the first 3 months.
Confounding Factors
Infant sex, ethnic background, health status, birth weight, gestational age, familial factors (overcrowding, number of older siblings, family income), and several maternal factors (socioeconomic position, education, smoking during pregnancy, alcohol consumption, selfreported height, self-reported prepregnancy weight, history of hypertension, and age at the birth of the child) were identified as potential confounding factors. Socioeconomic position was coded as manual (blue-collar, semiskilled, and unskilled socioeconomic background) or non-manual (professional, managerial, and white-collar socioeconomic background).
Measurements
Weight (in kilograms) at ages 6 weeks and 9 months was available from routine health visitor records. At the 7-year follow-up, blood pressure was measured with a Dinamap 9301 Vital Signs Monitor by 1 of 13 observers; height was measured to the nearest 0.1 cm with a Leicester stadiometer, and weight in underwear was measured to the nearest 0.1 kg with SECA scales. Our measure of maternal and childhood adiposity was body mass index (BMI, kg/m 2 ).
Statistical Analysis
Blood pressure values are based on the mean of 2 readings. Associations of breast-feeding with potential confounding factors were investigated by use of 2 or t tests as appropriate. Associations of breast-feeding and potential confounding factors with blood pressure were examined by linear regression. Multivariable linear regression controlled for social factors, maternal factors, and maternal, infant, and childhood anthropometry. Those factors that altered effect estimates by at least 5% were included in the final models. To standardize conditions of measurement, all models controlled for room temperature and field observer. All models were based on 4763 children with complete data. Likelihood ratio tests were used to test for interaction by sex, 5 resting heart rate, 18 and current BMI. 20 Infants self-regulate food intake and weight gain, 21 and accelerated postnatal growth is associated with later blood pressure. 22, 23 To investigate the importance of postnatal growth, we developed models controlling separately and in combination for weight at 6 weeks and at 9 months and for rate of weight gain between 6 weeks and 9 months (rate calculated as 9-month minus 6-week weight, divided by the time in weeks between examinations and multiplied by 4.36 to express weight gain in kilograms per month). Associations adjusted for weight gain were based on 4538 subjects.
To determine whether breast-feeding is a marker for other factors associated with both the decision to breast-feed and blood pressure, we investigated the breast-feeding-blood pressure association among mothers who, when questioned antenatally, intended to breast-feed their newborn child and compared those who actually breast-fed with those who did not. Analyses were performed by use of Stata software. 24 
Results
The median age of the 7276 children attending the physical examination was 7.5 years (interquartile range, 7.4 to 7.6 years; range, 6.6 to 9.3 years); 51% were male. Of all mothers, 83% reported ever having breast-fed and 34% reported exclusively breast-feeding beyond 2 months (Table  1 ). Of those who breast-fed, 49% did so for 6 months.
Representativeness
Participants in the 7-year follow-up were similar to nonparticipants with regard to infant sex, timing of introduction of solids, ethnicity, number of older siblings, maternal hypertension, infant health status, gestational age, and maternal BMI, but they were more likely to have been breast-fed and to have been breast-fed for longer and to come from more affluent social and economic categories, and were heavier at birth ( Table 1 ). Participants' mothers were slightly taller and older and were less likely to have smoked during pregnancy than nonparticipants' mothers.
Factors Associated With Breast-Feeding
Breast-feeding was positively associated with increasing age at introduction of solids, greater affluence, having fewer older siblings, absence of maternal hypertension and smoking, greater maternal height and age, and child's height ( Table 2) . Breast-feeding was inversely associated with maternal and child BMI.
Factors Associated With Blood Pressure
Mean systolic blood pressure levels were similar in boys (98.7 mm Hg) and girls (98.9 mm Hg) (Pϭ0.4), but boys had slightly lower mean diastolic blood pressures (56.1 mm Hg) Numbers of infants in ALSPAC. *Up to 3 years of age. *Stopped breast-feeding by 2 months of age or nonexclusively breast-fed. †Exclusively breast-fed up to 2 months of age, except for water. ‡The numbers for duration of breast-feeding (measured at 15 months) do not add up to the numbers ever breast-fed (measured at 6 months) because of those examined, 223 mothers said they had never breast-fed on the 15-month questionnaire but reported breast-feeding on the 6-month questionnaire, and there were missing data on duration of breast-feeding on 285 children. Of those not examined, the respective figures for misclassification and missing data were 123 and 428. ‡Differences are adjusted for current age, sex, room temperature, and field observer. ¶PϽ0.01, §PϽ0.001 (P values comparing ever vs never breast-fed are based on 2 tests for heterogeneity for categorical variables and t tests for continuous variables). than girls (56.9 mm Hg) (PϽ0.001). Blood pressure levels were lower with greater family income, higher birth weight, a number of maternal factors (nonmanual maternal social class, higher maternal educational achievement, absence of maternal hypertension or smoking during pregnancy, increased maternal age, and reduced maternal height and prepregnancy BMI), lower weight gain in infancy, lower current height, and lower BMI ( Table 2 ).
Breast-Feeding and Blood Pressure
Blood pressure was lower among breast-fed than formula-fed children (Tables 3 and 4 ). In simple models controlling for age, sex, room temperature, and field observer, systolic and diastolic pressures were, respectively, 1.2 mm Hg lower (95% CI, 0.5 to 1.9) and 0.9 mm Hg lower (0.3 to 1.4) among breast-fed than formula-fed children ( Table 4 ). In fully adjusted models, the reduction in systolic pressure associated with any breast-feeding was 0.8 mm Hg (0.1 to 1.5), and the reduction in diastolic pressure was 0.6 mm Hg (0.1 to 1.0). The main confounding factor responsible for attenuating the associations was maternal education. The effect sizes were reduced from the simple models to 0.9 mm Hg and 0.7 mm Hg for systolic and diastolic blood pressure, respectively, after control for this variable alone. Controlling for childhood BMI hardly altered effect estimates. The associations between breast-feeding and blood pressure did not vary by sex, BMI, or pulse (P for interaction all Ն0.2).
The inverse association between breast-feeding and blood pressure was seen in an analysis confined to mothers of manual socioeconomic background: the fully adjusted mean difference in systolic pressure was Ϫ1.3 mm Hg (Ϫ2.9 to 0.3), and the difference in diastolic pressure was Ϫ1.1 mm Hg (Ϫ2.3 to 0.1). There was no evidence of interaction by social status on systolic (Pϭ0.7) or diastolic (Pϭ0.4) blood pressure.
Breast-feeding was associated with lowered blood pressure when the analysis was restricted to mothers who either originally intended to breast-feed for the first 3 months (regression coefficient for breast-feeding minus formulafeeding, simple model: Ϫ2.5 mm Hg; 95% CI, Ϫ5.3 to 0.3; nϭ3044) or to formula-feed for the first 3 months (Ϫ1.6 mm Hg; Ϫ2.7 to Ϫ0.4; nϭ1194). The association of breast-feeding with blood pressure was similar whether breast-feeding was partial or exclusive at 2 months of age but was greater among those who had been breast-fed for at least 6 months (Table 3 ). In fully adjusted models, there was a 0.2-mm Hg reduction (95% CI, 0.0 to 0.3; Pϭ0.05) in systolic pressure for each 3 months of any breast-feeding. Breast-feeding duration was not associated with diastolic pressure (P for trend, 0.3).
The pattern and size of the relationships between breastfeeding and blood pressure were the same after additional adjustment for overcrowding, family income, number of older siblings, maternal alcohol consumption, child's health, or child's ethnicity (data not shown). These factors were therefore not included in the final model. In simple models, associations between breast-feeding and blood pressure were similar among those excluded from the main analysis because they lacked complete data (data not shown).
Influence of Postnatal Growth
Although weight gain between 6 weeks and 9 months of age was associated with later blood pressure in fully adjusted models (coefficient, 3.2 mm Hg per kg/mo; 95% CI, 1.0 to 5.5), there was no evidence that weight gain in infancy attenuated the association between breast-feeding and blood pressure. Among the 4538 subjects with data on infant weights, the difference in systolic blood pressure associated with breast-feeding was Ϫ0.7 mm Hg (95% CI, Ϫ1.5 to 0.0) in models controlling for social, economic, and maternal variables, birth weight, and childhood height. When weight gain in infancy was included in the model, the blood pressure difference was not altered (Ϫ0.7 mm Hg; 95% CI, Ϫ1.5 to 0.0).
Discussion
Breast-feeding was associated with lower blood pressure at age 7 years in this contemporary cohort. The results are of current relevance because the comparison was with modern formula milks, which more closely reflect the composition of breast milk than earlier formulas, for example, with regard to sodium content. 25 
Limitations
Selection bias is possible, because the 59% (7276/12 289) of eligible children who were examined at age 7 years differed from nonparticipants with regard to breast-feeding rates, birth weight, and socioeconomic and maternal factors. This would affect our results only if the association differed between those who did and did not take part in the study, which seems unlikely. Some reassurance against selection bias among the final analytical sample, compared with all children with breast-feeding and blood pressure data, is provided by the similarity of the inverse breast-feeding-blood pressure association seen in those subjects without complete data who were excluded from the full analysis. Breast-feeding mothers differed from those who formulafed in various ways. A number of lines of evidence, however, argue against residual or unmeasured confounding. First, control for several socioeconomic factors or factors potentially on the biological pathway between social class and later blood pressure (such as maternal prepregnancy BMI) made only a modest difference to effect estimates, which remained statistically significant. Second, the association was observed when we restricted our analysis to only those mothers who were initially intending to breast-feed, strengthening the possibility that the breast-feeding effect is biological rather than being related to factors influencing both breast-feeding intent and later blood pressure. Third, we observed a protective effect of breast-feeding in analysis stratified by socioeconomic background.
Comparison With Other Studies
Our results in term infants concur with a randomized controlled trial in preterm infants. Compared with preterm formula, banked breast milk was associated with a 2.7mm Hg reduction in systolic and a 3.2-mm Hg reduction in diastolic blood pressure in adolescence. 2 At earlier follow-ups of the same trial, there was no evidence of a breast milk effect on blood pressure, 15 suggesting that the influence of breastfeeding may increase with greater age.
Partial as well as exclusive breast-feeding lowered blood pressure, as in another prospective study. 4 Our results are consistent with a retrospective cohort showing a decrease in blood pressure with increased breast-feeding duration. 5 No relation between breast-feeding and blood pressure was observed in other studies, although these had some limitations, including small sample size, 26 retrospective recall of infant feeding, 9, 12 74% loss to follow-up, 10 and short duration of follow-up. 13 Our estimate of the reduction in systolic blood pressure associated with breast-feeding is similar to the pooled estimate from a recent meta-analysis. 27 The pooled difference was greater among small studies (nϽ300) than larger studies ϩAdjustments in each new model are in addition to previous adjustments. *Values are difference in mean blood pressure between each stratum of breast-feeding (ever breast-fed, partially breast-fed, or exclusively breast-fed) and never breast-fed (reference). †Stopped breast-feeding by 2 months of age or nonexclusively breast-fed. ‡Exclusively breast-fed up to 2 months of age (but the infant may have had vitamins, minerals, medicines, and/or water).
(nϾ1000), suggesting the possibility of publication bias. The present study, with more than 4500 subjects included in the analysis, is therefore an important addition to the literature.
Mechanisms
A number of mechanisms have been proposed. First, neonatal sodium restriction was associated with a 2-mm Hg reduction in blood pressure 17 that persisted into adolescence. 18 Differences in sodium ingestion between intervention and control groups were 3-fold. 17 In contrast, mean sodium intakes were only 22% higher among formula-fed than breast-fed infants in 963 ALSPAC children 4 months of age (P. Emmett, University of Bristol, personal communication, 2003). It is possible that differences in sodium intake influence later blood pressure at a lower threshold than those achieved in the above trial 17 or that longer-term salt intake among breast-fed children differs from that of formula-fed children. Salt ingestion may be a relevant mechanism in studies of children born before sodium in formula milk was reduced. 28 A blood pressure-lowering effect of breast-feeding was independent of sodium intake among preterm infants, 2 however, and other mechanisms have been suggested. Second, breast milk contains long-chain polyunsaturated fatty acids (LCPUFAs), important structural components of tissue membrane systems, including the vascular endothelium. Supplementation of infant formula with LCPUFAs was associated with a 3.0-mm Hg reduction in blood pressure, 29 suggesting that the LCPUFAs found in breast milk may play a role in blood pressure control.
Third, higher energy and protein intakes 30 in bottle-fed compared with breast-fed infants may stimulate insulin secretion [31] [32] [33] and promote insulin resistance 34 that persists into adolescence 35 and adulthood. 10 Insulin resistance may, in turn, raise blood pressure via stimulation of the sympathetic nervous system, increased renal sodium retention, modulation of cation transport, and smooth muscle hypertrophy. 36 Fourth, formula-fed infants are more likely to be overweight than breast-fed infants. 6 Controlling for current BMI hardly altered effect estimates, suggesting that breast-feeding does not influence blood pressure via an effect on obesity. The association may reflect the effect of a healthier diet continued throughout childhood or influences on food preferences or taste thresholds for dietary constituents (such as salt or energy intake 37 ), which are in turn related to blood pressure. We were unable to directly address this issue. The absence of confounding by BMI provides some evidence that differential energy imbalance during childhood is an unlikely explanation for the association.
Finally, accelerated postnatal weight gain is associated with raised blood pressure. 22 Infants who are growing rapidly, perhaps after prenatal growth restraint, may be formula-fed because they demand more milk. 21 The inverse breastfeeding-blood pressure association may be caused by factors related to postnatal growth, rather than being a biological effect of breast-feeding. We found that the association between breast-feeding and blood pressure was not altered by the pattern of infant growth.
Conclusions
Breast-feeding was associated with a 0.8-mm Hg reduction in systolic blood pressure at 7 years, an effect size similar to the blood pressure-lowering effects of salt restriction (Ϫ1.3 mm Hg) and exercise (Ϫ0.7 mm Hg) among normotensive adults. 38 The inverse breast-feeding-blood pressure association may amplify with age, 2 suggesting larger benefits in adulthood. Even this small reduction may have important population-health implications, because an increased mortality risk is observed across the blood pressure distribution and not just above threshold levels. 39 A 1% reduction in population systolic blood pressure levels is associated with an Ϸ1.5% reduction in all-cause mortality, 39 equivalent to a lessening in premature mortality of Ϸ8000 and 2000 deaths per year in the United States and United Kingdom, respectively (based on number of US and UK all-cause deaths among men and women age 35 to 64 years). 40, 41 Approximately 40% of all infants are never breast-fed in the United States or United Kingdom. 42, 43 If breast-feeding promotion initiatives raised the prevalence of breast-feeding from 60% to 90%, Ϸ3000 extra deaths might be prevented among 35-to 64-year-olds per year in these 2 countries, and a similar level of additional excess deaths might occur if breast-feeding rates dropped from 60% to their levels in 1970 (Ϸ25% 42 ). Although these estimates should be interpreted with caution, because they are based on several assumptions, including causality, they suggest that the wider promotion of breast-feeding is a potential component of the public health strategy to reduce population levels of blood pressure.
